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Results 131
PCR-positive samples from the present study included material from 16 primate 132 handlers, 70 non-human primates, 20 pigs, 25 cattle, two sheep, one deer and one dog 133 (Table 1 ). The ST distribution of isolates from primate handlers and animals identified in 134 the study is displayed in Table 1 . Sequences obtained from isolates from 22 cattle, two 135 lemurs, one deer and one sheep showed relatively low similarity to existing STs when 136 percent identities were examined. These sequences formed a distinct group that clustered 137 together as a separate lineage emerging at the base of the ST4+ST8 clade ( Fig. 1) when 138 the 310 bp region was used in phylogenetic analysis; this lineage was interpreted as a 139 novel ST and is here designated as ST10 (Table 1) . When the longer sequences obtained 140 using the primers described by Scicluna et al. (2006) were used, ST10 emerged as a sister 141 group to ST8 (Fig. 2) . The maximum likelihood bootstrap support for both of these 142 potential relationships was low and the affinities of ST10 must remain unresolved at 143 present. This ST has hitherto not been reported from human infections. Table 3 shows the 144 pair-wise genetic distances within ST10 and between ST10 and other STs. 145 Table 2 displays the STs of Blastocystis infecting 438 animals, including the data 146 from analysis of over 100 isolates in the present study and identifiable ST data from all 147 previously published studies. For comparison, Table 2 also includes the distribution of 148 STs isolated from humans based on 16 major studies (Alfellani, unpublished data) . 149
It can be seen from Table 2 that ST3 is more common in humans than all other 150 STs combined. However, ST1, ST2 and ST4 also occur fairly frequently, whereas ST5 151 through ST9 occur only sporadically. Hence, the ST distribution among primate handlersincluded in the present study was atypical: as expected, ST3 was the predominant ST, 153 seen in 9/16 (56%) of the monkey handlers, but ST8 was the next most common subtype, 154 being seen in four individuals (25%). Two of seven handler samples described previously 155 were also ST8 (Scicluna et al., 2006) . Although the numbers are small, since ST8 is very 156 rare in other humans but common in non-human primates, particularly woolly monkeys, 157 and given that the handlers would regularly come into contact with primate faeces in the 158 course of their work, the most likely explanation for this observation is that the handlers 159 acquired the ST8 infections from their charges. 160
To date, ST4 is the only ST to be isolated from rodents, but the total number of 161 samples (seven) and host species (two) studied is small. This apparent ST restriction in 162 rodents should be viewed with caution until larger studies have been performed. In 163 contrast, ST6 and ST7 predominate in birds, where more samples (35) and host species 164 (eight) have been studied, giving a much stronger indication that a link exists between 165 these STs and avian hosts. 166 167 168
Discussion 169
We believe this is the first study to publish data on Blastocystis ST occurrences in 170 non-human hosts in Scandinavia and provides new data from molecular characterisation 171 of 119 animals and 16 primate handlers, adding substantially to the knowledge ofdata are essential for an understanding of the host specificity and epidemiology of distinct 175
Blastocystis sp. STs. 176
A novel ST (ST10) was isolated from both primates and ungulates in Denmark. 177
The reason why ST10 has not been identified previously could be due to a geographically 178 restricted distribution. However, given the high frequency of isolation in the present 179 study and the fact that it was isolated from different types of primates and other 180 mammals, it is more likely that some of the primers hitherto employed for Blastocystis 181 ST characterisation are unsuitable for the detection of this particular ST. For instance, the 182 R1 primer developed by Böhm-Gloning et al. (1997) , which has been used in several 183 studies, anneals to a region of the ssrRNA gene that exhibits sequence variation, and 184 recently it was shown that this primer might preferentially amplify some STs over others 185 (Wong et al., 2008) . Indeed, the ssrRNA gene of Blastocystis is relatively poorly 186 conserved, causing difficulties in designing sensitive genus-specific primers. In the study 187 Comparing the data in Table 2 with the summary of the data from humans it 224 appears clear that birds usually host ST6 and ST7, but that these are rarely found in 225 mammals, having only been isolated from humans occasionally (Yan et al., 2007; 226 Alfellani, unpublished data; Stensvold, unpublished data). Interestingly, ST9 has so far 227 only been isolated from humans and on very few occasions. ST9 clusters with 'avian' 228 ST6 and ST7, so it is possible that birds are also the normal hosts of this ST. Given their 229 apparent host specificity, it is highly likely that human infections due to such avian STs 230 are of zoonotic origin as was previously suggested by Noël et al. (2005) . 231
The situation in pigs is unclear. Studies seem to fall into two groups -those that 232 find predominantly ST1 (Thathaisong et al., 2003; Navarro et al., 2008) and those that 233 find predominantly ST5 (Abe et al., 2003c; Yoshikawa et al., 2004a; Yan et al., 2007 ; 234 present study). There appears to be no geographic component to this difference, which at 235 present remains a mystery. 236
To date, ST4 is the only ST found among rodents and marsupials. This ST has 237 only infrequently been isolated from non-human primates and has not so far been isolated 238 from other mammals; however, in humans ST4 represents approximately 5% of the 239 isolates characterised to date (Table 2) . It remains to be established whether contact with 240 rodents poses a risk of transmission to humans of this particular subtype. The high 241 prevalence of ST1-ST3 in humans and other mammals means that differentiating human 242 origins from zoonotic origins of such human infections is not possible at present. preceded by the subtype identification. Subtypes 6, 7 and 9 were used as an outgroup. 407
The tree shown is that obtained from the Bayesian analysis with the bootstrap proportions 408 labelled as in Fig. 1 . Bootstrap values of less than 50% are not shown. The branch leading 409 to ST7 has been shortened for convenience.411 412 Fig.1 
Primates Total 29 25 30 3 9 --20 -2 3 
